Glutamate degradation in the ischemic dog heart: contribution to anaerobic energy production.
The present study investigated the conversion of amino acids to succinate and the contribution of this pathway to anaerobic energy production during regional ischemia in the dog heart in situ. The relation between regional myocardial blood flow, estimated by the tracer microsphere technique, and myocardial contents of metabolites (glutamate, alanine, succinate, lactate) as well as their local arterio-venous differences (A-V) were determined. During 30 min of coronary artery occlusion, myocardial glutamate decreased from 2.3 mumol/g wet wt in control tissue to 1.2 mumol/g wet wt in severely ischemic areas, while aspartate was unaffected. Myocardial alanine increased in a 1: 1 stoichiometry compared to glutamate, and succinate accumulated. During control perfusion (118 mmHg), A-V of lactate, succinate and glutamate were +470, -0.7 and -3.9 nmol/ml, respectively. Stepwise reduction of perfusion pressure led to the release of lactate and succinate from the underperfused area; extraction of glutamate occurred at the lowest perfusion pressure investigated (34 mmHg; A-V: -500, -10.4 and +4.2 nmol/ml, respectively). The data indicate that during regional ischemia in vivo, succinate is synthetized exclusively from glutamate via 2-oxo-glutarate, following transamination with glycolytic pyruvate yielding alanine, while the contribution of aspartate is negligible. Using tissue levels of glutamate and lactate together with the local arterio-venous concentration differences of these compounds, it can be estimated that degradation of glutamate delivers 20% of the ATP generated by substrate level phosphorylation reactions. Thus energy production by the glutamate degradation pathway is significant in vivo under conditions of flow deprivation.